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Formation and Properties of Alkanesulfonic Acids 
By W. WALDO WILLIAMS* 


THE ALKANESULFONIC ACIDS are com- 
manding increasing attention not only 
because of their value in research, but 
also because of their industrial possibil- 
ities in the manufacture of soaps and 
detergents, drugs, petroleum products, 
and textiles. 

In 1839, Loéwig (7) announced the iso- 
lation of a new acid, “sulphaethyl- 
schwefelsiiure” (ethanesulfonic acid), ob- 
tained by the action of nitric acid on 
ethyl mercaptan. Prior to Igoo, Io al- 
kane sulfonic acids were known, the 
highest member of the series being n-oc- 
tanesulfonic acid. To the present, at 
least one isomer of each member of the 
series from methane- through octade- 
canesulfonic acids has been synthesized 
(with the exception of pentadecane- and 
heptadecanesulfonic acids). 

The first important contribution to 
the knowledge of the structure of these 
compounds was made by Strecker (2), in 
1868, who was able to show that the 
carbon atom of the alkyl radical was 
attached directly to the sulfur atom in 
alkanesulfonic acids (I, Figure 1), while 
in alkyl esters of sulfurous acid (II, Fig- 
ure 1) the alkyl radical was attached 
through an oxygen atom. It was pointed 
out that when subjected to hydrolysis 
(II) gave ethyl alcohol and sulfurous acid, 
while (I) would not react. Ethanesulfonic 
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acid was assigned the structure (I) by 
Strecker since it could be made by the 
direct oxidation of ethyl mercaptan. 


Synthesis 


The chemical reactions by which al- 
kanesulfonic acids may be obtained are 
numerous. Many of the methods, how- 
ever, do not lend themselves to practical 
application; and, for this reason, only 
those that are most frequently employed 
will be considered in this article. 

1. Oxidation of alkyl mercaptans or 
alkyl disulfides using nitric acid— 


RSH + 3 O = RSO:H 
(HNOs) 


R-—S—S—R+H:0+ 5 O=2 RSO:H 
(HNOs) 


This method of preparation has probably 
been used more extensively than any 
other. The first of these compounds to be 
prepared, ethanesulfonic acid, was syn- 
thesized by Léwig by this procedure. He 
found that when either ethyl mercaptan 
or diethyl disulfide was allowed to come 
in contact with small portions of “rather 
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concentrated” nitric acid, a blood-red 
color first developed and then a vigorous 
reaction took place; that when the spon- 
taneous reaction had subsided, the excess 
nitric acid could be removed by evap- 
oration on a steam-bath, and the sulfonic 
acid isolated as its barium salt. 

Noller (1933) utilized a slight modifica- 
tion of the foregoing procedure in pre- 
paring certain higher members of the 
series. Lead mercaptide was oxidized to 
the corresponding lead sulfonate, using 
50 per cent nitric acid, and the free sul- 
fonic acid was then obtained by passing 
dry hydrogen chloride gas into a suspen- 
sion of the lead sulfonate in iso-propyl 
alcohol, until all lead had been removed 
as lead chloride. 

Even though the method of Léwig 
has been more widely employed than 
any other, there are some factors that 
make it undesirable from a practical 
standpoint. It is an established fact that 
a mixture of the vapors of nitric acid and 
the alkyl mercaptans of lower molecular 
weight ignites by spontaneous combus- 
tion if the temperature of the reaction 
mixture is not controlled carefully. Too- 
rapid addition of the mercaptan, of 
course, will produce the same result. In 
the higher members the vapor pressure 
is lower and, consequently, this danger 
much lessened. The method of Noller 
has a decided advantage in that the 
vapors of the mercaptan are eliminated. 

Reychler (1913) and Collin (1933) em- 
ployed potassium permanganate as an 
oxidizing agent in the preparation of 
some higher alkanesulfonic acids. Le- 
vene (1927) synthesized a number of iso- 
meric pentanesulfonic acids from the 
corresponding mercaptans, using barium 
permanganate as the oxidizing agent. 
Both of these reagents gave satisfactory 
results and were recommended as sub- 
stitutes for nitric acid in the oxidation 
of mercaptans. 

Other oxidation methods of producing 
these compounds which should be men- 
tioned are: the preparation from alkyl 
thiocyanates, by means of nitric acid; 


the preparation from sulfinic acids, using 
5 per cent potassium permanganate; and 
the preparation from alkyl] thiocyanates, 
by electrolytic oxidation. 

2. The action of alkyl halides upon 
alkali sulfites— 


RX + Na2SO; = RSOsNa + NaX (Strecker) 
(130-150°C., sealed tube—3 hours) 


RX + (NHa4)2SO3s = RSOsNHs + NH«X (Hemilian) 


(reflux—8 hours) 


The so-called “Strecker reaction,” for 
preparing alkanesulfonic acids, was car- 
ried out by heating an alkyl todide and 
a concentrated aqueous solution of either 
sodium or potassium sulfite in a sealed 
tube for 3 hours, at 130-150°C. The 
product of the reaction was always a 
double compound, for example, (4 C2Hs- 
SO;Na)-Nal. The separation of the sul- 
fonate from the iodide proved to be dif- 
ficult, crystallization being insufficient 
to effect the removal of the iodide. Sep- 
aration was finally accomplished by 
treating an aqueous solution of the dou- 
ble compound with lead nitrate, filtering 
off lead iodide, removing the unreacted 
lead with hydrogen sulfide, evaporating 
the solution to dryness, and extracting 
the sodium ethanesulfonate with hot 
ethyl alcohol. Norris (1922) and Collins 
(1933) were unable to apply the Strecker 
reaction to the alkyl iodides of high mo- 
lecular weight. However, Reed (1935) suc- 
ceeded in preparing alkanesulfonic acids 
as high in the series as octadecanesul- 
fonic acid in good yield by heating the 
corresponding iodides and an aqueous 
solution of sodium sulfite in an auto- 
clave, at 200°C. 

A few years after the publication of 
the work of Strecker, a valuable con- 
tribution to his method was made by 
Hemilian (37). While investigating the 
effect of the replacement of sodium sul- 
fite with other sulfites, in Strecker’s pro- 
cedure, Hemilian found that ammonium 
sulfite would react with alkyl iodides 
(or bromides) without the use of pres- 
sure. The alkyl] iodides were refluxed for 
8 hours in the presence of an aqueous 
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solution of ammonium sulfite; the am- 
monia was driven off with lead oxide; 
the lead sulfonate was decomposed by 
means of hydrogen sulfide; and the sul- 
fonic acid was isolated as the barium 
salt. This method is sometimes called 
the Hemilian modification of the 
Strecker reaction. 

Later, Wagner and Reid (4), and, more 
recently, Latimer and Bost (5), modified 
the procedure of Hemilian, eliminating 
much of the difficulty in separating the 
barium sulfonate from the inorganic salt 
present, as well as increasing the yield of 
the product. Although Wagner and Reid 
could not prepare an alkanesulfonic acid 
of longer chain length than n-pentane- 
sulfonic acid by this method, Latimer 
and Bost were able to isolate members as 
high as n-heptanesulfonic acid in good 
yield by extending the time of heating 
from 10 to 100 hours. It has also been 
shown by the latter investigators that 
the maximum yield is obtained when 2 
moles of ammonium sulfite are used for 
each mole of alkyl todide. 

In 1898, Worstall (6) published an ac- 
count of his work on the direct sulfona- 
tion of the paraffin hydrocarbons C, 
through C, to give the corresponding 
alkanesulfonic acids. By introducing 
fuming sulfuric acid into the boiling hy- 
drocarbon he was able to isolate the sul- 
fonic acid in 40 per cent yield. His find- 
ings are of interest since they contra- 
dict a rather prevalent belief that the 
lower members of the hydrocarbon 
series cannot be sulfonated directly. 


Properties 


There are very few data available con- 
cerning the free alkanesulfonic acids 
themselves. Most of the observations 
have been made on their derivatives. 
This can no doubt be explained by the 
fact that the free acids are extremely 
soluble in water, and, for that reason, 
have been more difficult to isolate in an 
acceptable state of purity. For the most 
part, the acids have been characterized 


as strongly hygroscopic, syrupy liquids 


or low-melting solids. They are readily 
soluble in water and alcohol, but only 
slightly soluble in benzene, ligroin, and 
ether. The higher members, Cs through 
Cis, have clearly defined soaplike prop- 
erties and have been referred to as 
“hydrogen soaps.” Norris (1922) pointed 
out that cetylsulfonic acid ranks very 
high as a colloidal electrolyte. 

The chemical properties of the alkane- 
sulfonic acids have not been studied 
very thoroughly. Virtually all of the 
lower members, C; through C;, have 
been isolated as their less-soluble barium 
salts; the higher members, Cs through 
Cis, have been isolated as their sodium 
salts. The derivatives that have been 
reported to date consist primarily of 
numerous salts, a few esters, acid chlo- 
rides, amides, and anhydrides. In most 
instances, these derivatives have been 
prepared by means of the standard 
procedures for making the same type of 
organic compounds from the correspond- 
ing carboxylic acids. However, Johnson 
and Sprague (1936) published a method 
of synthesizing alkyl sulfonyl chlorides 
by the action of chlorine on an aqueous 
solution of the corresponding alkylthio- 
uronium chloride. The procedure is sim- 
ple and the yields are good. 

The sodium alkanesulfonates do not 
react with the reagents that are gener- 
ally employed for the identification of 
the sodium salts of the corresponding 
carboxylic acids. Therefore, Latimer and 
Bost recommended that free sulfonic 
acids themselves should be allowed to 
react with phenylhydrazine to form the 
phenylhydrazonium salts of the acids. 
The melting points are sharp and the 
products are easily purified. 
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Recent Applications of Isotopes as Tracers 


NrroceEn of mass 15 (N") prepared in 
the Kodak Research Laboratories is now 
being used by nearly twenty research 
laboratories in the United States. A wide 
variety of investigations may be carried 


out with this tool, including studies of 


the chemistry of soil and fertilizer, the 
nature and the metabolism of protein 
material, and the mechanism of reactions 
in organic chemistry involving nitroge- 
nous compounds. Few of the current re- 
searches with N” have been published, 
but the tracer technique in general (uti- 
lizing both radioactive and stable iso- 
topes) is receiving increasing attention. 
The abstracts that follow are suggestive 
of other important applications. 


(7) Burris, R. H., and Miller, C. E., Science, 93, 
114 (1941). Nitrogen fixation by bacteria was 
studied using N!*. A nonselective action of the 
bacteria between N!4 and N® was shown, also the 
absence of exchange between molecular nitrogen 
and fixed nitrogen in the culture. 


(2) Bloch, K., Schoenheimer, R., and Rittenberg, 
D., 7. Biol. Chem., 138,155 (1941); Bloch, K., and 
Schoenheimer, R., 7%. Biol. Chem., 138, 167 (1941). 
Normal rats, on a creatine- ines diet, were fed 
creatine preparations containing N!*. The time 
required to replace one-half of the body creating 
with material from the diet was 29 days. In further 
experiments, 12 other compounds containing N! 
were fed, and creatine isolated from the tissues. 
Arginine and glycine were shown to be direct pre- 
cursors of creatine, as is guanidoacetic acid. The 
biological origin of all parts of the creatine mole- 
cule was established. 


(3) Allen, M. B., and Ruben, S., 7%. 4m. Chem. 
Soc., 64, 948 (1942). Using radioactive carbon 
(C11) as the tracer material, fumaric acid was syn- 
thesized with labeled carbon in the carboxyl 


groups. Oxidation with permanganate gave COx mercury seal. 
and formic acid. The former contained all of the + 


tracer, indicating that the formic acid came from 
either of the two methine carbons and not from 
the carboxyl! groups. 

(4) Slade, H. D., and others, 7%. Biol. Chem., 143, 
133 (1942). Using heavy carbon (C!*) as the tracer 
material, the assimilation of COz by heterotrophic 
bacteria was established as a general phenomenon. 
The fixed carbon was distributed among the lac- 
tate, acetate, and succinate radicals, depending 
upon the particular organism responsible. 


Nitrogen isotope (N”) is now avail- 
able in concentrations up to 60 atom per 
cent N” for those who wish to employ 


4, with ice as the in- 


this material. This high concentration 
permits accurate experiments in which 
the tracer is greatly diluted with nitro- 
gen of mass 14. Concentrations of 14 and 
30 atom per cent N” are also offered; and 
material below 14 per cent, which is suit- 
able for many purposes, can usually be 
supplied on special order at less than the 
price, per gram of N”, of the more con- 
centrated products. Inquiries regard- 
ing N” materials and their applications 
should be sent to the Kodak Research 
Laboratories, Dept. WOK, Bldg. 59, 
Rochester, N. Y. 





Glass Stirrer for Coarse Solids 


AN ALL-GLASS STIRRER 1s very useful for 
agitating heavy solids, such as ice, in a 
liquid medium. The usual propeller-type 
stirrer is too fragile, but the ball-type 
illustrated below has proved very satis- 
factory for many purposes. 

This device consists of a hollow globe 
with indentations arranged symmetri- 
cally around the periphery. If mounted 
so that it is balanced properly, it can be 
operated at high speeds because it has no 
projections to strike the solids violently. 
When used in a 
flask, the stirrer 
may be sealed by 
means of a long 
glass sleeve (see 1l- 
lustration) or with 
the conventional 


Diazotizations, 
which are general- 
ly acid reactions 


ternal coolant, and 
nitnations, with 
dry icé as the solid 
cooling medium, 
are typical proce- 
dures in which this 
type of stirrer is 
most efficient. 














